Limb abnormalities in 30 calves with an inherited congenital neuromuscular disorder known as syndrome of arthrogryposis and palatoschisis were classified according to the range of severity of joint deformity in either flexion or extension, and restricted joint movement. Joint movement was variably affected; it was either normal, lax, restricted in the range of mobility, or occasionally, fixed. The characteristic findings were: bilateral hyperextension of the hind fetlock, flexion deformity of the forelimb that particularly involved the fetlock and the carpus, with restricted articular movement and complete rigidity in some cases. One-third of calves also had medial deviation of the forelimb due to angular deformity of articular surfaces in the carpus. All nine live calves were floppy due to marked generalized muscular hypotonia. Birth weight of deformed calves was reduced. In some calves muscle development was impaired as judged by muscle weight, and histological examination. In some calves the gross appearance, muscle weight and histological examination revealed no abnormal development and indicated that the effects on skeletal muscle were secondary. No lesions were found in the spinal cord of 23 of 24 calves examined histologically. The remaining calf had a localized cavitation in the dorsal white matter at T2+ Based on the observations in calves in this study it is proposed that both primary and secondary factors contribute to the phenotypic expression of this congenital deformity. The primary lesion is considered to be a neurogenic abnormality of differentiation in the central nervous system. Cytogenetic analysis of 16 camer cows and two deformed calves showed normal karyotypes. Serology for Akabane virus in 16 camer cows was negative.
An inherited congenital neuromuscular disease in the Charolais breed of cattle called syndrome of arthrogryposis and palatoschisis2' is transmitted as an auto-soma1 recessive trait with incomplete penetrance. 20 In crossbred Charolais cattle the mode of transmission appears to be autosomal recessive; this results from a lack of modifier genes. 6, 12, 21, 28 This report describes and categorizes the range of variability in limb deformities and restricted joint movement of 30 calves born with this deformity.
This classification of calves, together with gross and histological findings in skeletal muscle and spinal cord, and previous studies of neuromuscular differentiation in affected fetuses,33 could provide a basis for a hypothesis of the pathogenesis of the deformities seen in affected calves. We suggest that primary and secondary factors contribute to the phenotypic expression of congenital malformation. Furthermore, these findings may contribute to an understanding of the pathogenesis of 2 other congenital neuromuscular diseases in man and animals.
A neurogenic basis for limb deformities and crippling in calves with syndrome of arthrogryposis and palatoschisis has been attributed to spinal dysraphism based on malacia and cavitation (syringomyelia) in the spinal cord and the idea that the central spinal canal was either dilated (hydromyelia) or extremely nar- 38 However, it has been reported that spinal cord lesions were absent in four ~a1ves.l~ Notwithstanding these discrepancies in pathological findings in the spinal cord, in recent ultrastructural studies, neuromuscular differentiation was abnormal in affected fe-t~s e s .~~ This is consistent with a neurogenic abnormality in the central nervous system. In these studies we examined the spinal cords of 24 calves with syndrome of arthrogryposis and palatoschisis and found localized cavitation dorsal to the central spinal canal in only one calf.
Materials and Methods
The 30 calves with syndrome of arthrogryposis and palatoschisis in this study were obtained from three sources. Some calves were from various herds in western Canada; some were from an experimental herd of 49 purebred and crossbred Charolais cows which were owned by the Canadian Charolais Association and were proven to be camers-they had previously delivered an affected calf; and calves were also kindly made available by Dr. R. T. Berg, Department of Animal Sciences, University of Alberta, Edmonton, Alberta, from an experimental herd located at the Kinsella Ranch, Kinsella, Alberta. Of the 30 calves obtained from these three sources, nine were alive. The remaining calves were stillborn or had died soon after birth.
The experimental herd of the Canadian Charolais Association was examined for evidence of infection with Akabane virus, an agent that causes epizootics of a congenital neuromuscular disease in calves. 9 The virus-serum mixtures were incubated at 37°C for one hour. Neutralization was based on 70% plaque reduction. Under these conditions a positive mouse serum prepared against mouse brain-passaged Akabane virus had a neutralizing titer of 15000.
All calves were less than three days of age when received, with the exception of one which was six weeks old. The foreand hindlimb deformities were classified into descriptive categories, based on deformity of the fore and hind legs, and the degree of restricted joint movement.
Foreleg deformity:
Category 1: Category 2: Category 3:
Category 5:
No abnormality of forelimb. Fetlocks (metacarpo-phalangeal joints) were the only joints involved. Category 2a: The fetlocks flexed with restricted movement; 2b: fetlocks were fixed in flexion (clubfoot). Carpus and fetlocks extremely lax and freely movable. No tendon contracture or rigidity of any joints. Carpus held passively in extended position; easily flexed. Similar to category 4, but in addition, articular surfaces of the carpus deformed to accommodate medial rotation of lower limb around the longtudinal axis. Mild to severe flexion of both forelimbs at the carpus; extension of the limb was restricted. Category 6a: Fetlock had restricted movement due to flexion contracture; 6b: fetlocks were fixed in flexion. Category 7: Similar to category 6, but with restricted movement of the carpus and rigidity of the fetlock. In addition, angular deformity at the carpus; lower limb was variably deviated medially at an angle of 15 to 60" as judged by subjective examination. Category 8: Most severe forelimb malformation with all joints fixed and the carpus and fetlocks held in extension.
Hindlimb deformity:
Category A: Limbs stretched out behind passively; they could be easily flexed manually, however. All joints were readily movable and the fetlocks were hyperextended, lax, and freely movable. Patella hypoplasia. Category B: Limited flexion movement of the tarsus caused limbs to be extended. Patella hypoplasia. Category Ba: Fetlocks were hyperextended and lax; Bb: fetlocks were hyperextended with restricted movement. Category C: Restricted movement of stifle and hock joints-causing limbs to be held in flexion. Fetlocks were hyperextended and lax. Patella hypoplasia. Category D: Severe congenital articular rigidity of all joints with limbs flexed at stifle and tarsus. Fetlocks of both limbs were hyperextended but fixed. Patella hypoplasia. Muscle was removed from the forelimb of five calves in category 7 to examine the angular deformity of articular surfaces. After as much muscle as possible was removed, the bones were simmered at 95 to 97°C until the meat was loose and could be removed by high pressure hose. Remaining soft tissue was removed with 1 % hydrogen peroxide and bones were bleached for 24 hours, then defatted in alcohol, and air dried to complete whiteness.
Individual muscles were dissected and weighed from the forelimb and hindlimb of five affected calves and a normal calf to investigate the reduction of muscle development in individual calves.
Skeletal muscle and spinal cord from the nine live calves were fixed in 10% neutral buffered formalin for histologic examination. Skeletal muscles examined histologically included biceps, supraspinatus, extensor carpi radialis, and ulnaris lateralis of the forelimb and the biceps femoris, rectus femoris, semimembranosus, gastrocnemius, extensor digitorum longus, and peroneus tertius of the hindlimb. Three sections were cut from each segment throughout the length of the spinal cord and were stained with hematoxylin and eosin. In addition, spinal cords from 15 previously unreported cases in the files at the Western College of Veterinary Medicine, Saskatoon, Sask. were reexamined. The birth weight of each of the 23 calves was recorded. Individual birth weights of 104 normal calves were obtained from the records of a progeny testing program which is conducted annually by the Canadian Charolais Association.
Whole blood was collected for cytogenetic analysis from 20 camer cows and three affected calves. It was shipped on wet ice to amve in Ottawa, Ontario, within 12 hours of being drawn. Blood was collected into sterile vacutainer tubes that contained sodium heparin (Becton Dickinson and Co., Mississauga, Ontario, Canada). Similarly, tissue specimens of fascia, liver, kidney, and lung from three affected calves were collected into medium 199 that contained antibiotics. One X lo6 mononuclear leukocytes/ml of culture medium were inoculated into McCoy's 5A medium, pH 7.2, supplemented with 10% heat-inactivated horse serum, 100 I.U. penicillin and 100 pg streptomycin/ml, 2 mM Lglutamine/ml and 2.5% pokeweed mitogen (Grand Island Biological Company, Grand Island, N.Y .). Cells were incubated for 66 hours at 37"C, at which time colcemid (Ciba Pharmaceutical Company, Summit, N.J.) (0.014 pglml) was added. Cultures were then incubated for two more hours prior to harvesting for routine and C-banded39 preparations, or one hour prior to harvesting for routine and G-banded preparation^.^^ Pieces of tissue were finely minced and placed in tissue culture flasks in medium 199, supplemented with 15% heat-inactivated fetal calf serum, 100 I.U. penicillin, 100 pg streptomycin, and 2 mM L-glutamine/ml. They were incubated at 37°C. Four hours before chromosome preparations were harvested, 0.02 pg/ml colcemid was added to tissue culture medium. Cells were harvested and processed for chromosome display.
Results

Sera of all 30 cows from the Canadian Charolais
Association experimental herd had a negative virus neutralization test against Ja GA4 39 strain of Akabane virus. Since these cows had produced at least one deformed calf with syndrome of arthrogryposis and palatoschisis prior to the test, it was concluded that Akabane virus was not an etiologic agent of this deformity in western Canada.
Thirteen progeny with syndrome of arthrogryposis and palatoschisis in the Canadian Charolais Association experimental herd were produced among 56 fetuses and calves sired by three bulls when bred to multiparous heterozygous cows, all of which had previously produced at least one affected calf. The 13 deformed progeny were produced by 12 cows; one cow had two affected fetuses. The number of affected progeny sired by the three bulls individually and collectively was consistent with an autosomal recessive mode of inheritance (P < 0.05); this confirmed that the calves in this study were of similar etiology to previous reports. '3,23-25, 38 Two of the bulls were purebred Charolais, while the third bull was a Charolais-Angus cross. Cows were purebred and crossbred Charolais.
The classifications of the nine live calves were: four calves in category 7A, two in category 7C and one in each of categories 4A, 5C, and 7Bb. Several calves died within a few hours, even though they were carefully nursed. These calves had shallow, weak respirations and it is suspected that physiologic innervation of the diaphragm was impaired and that the carves died from respiratory failure. Two calves (category 7A) were kept alive for observation up to two weeks. Another calf (category 7C) was obtained when it was four weeks old. This calf had less severe muscular hypotonia in the hindlimbs than the other eight; it could stand for short periods when assisted to its feet, although it supported its weight on the carpus because of an inability to straighten the forelegs. There was no correlation between neonatal death and the severity of deformity. The live calves had generalized muscle flaccidity; they were recumbent and lay passively and as helplessly as a rag doll. Most were unable to sit up without assistance; a few struggled weakly to rise but could not do so.
When lifted to their feet they were incapable of supporting themselves. The muscular hypotonia involved the head and neck as well as the limbs. Several calves moved their limbs spontaneously or in response to painful stimuli. The patella reflex was reduced in most calves and absent in some. Apart from those joints in which restricted movement or articular rigidity was present, the limbs could be moved around freely because of the lack of muscle tone.
Deformity of the limbs differed among the 30 indi-vidual calves studied. Deformities in the two fore-and two hindlegs were bilaterally symmetrical, but there was no correlation between the fore-and hindlimbs in the pattern or severity of deformity (table I) .
Congenital restricted articular movement with either contracted tendon or articular rigidity was a more consistent feature of the forelimbs than of the hindlimbs. Only the fetlock and carpus of the forelegs were affected (except for the severely deformed calf in category 8). The 21 calves classified in categories 2, 6, and 7 (table I) had various degrees of severity in a spectrum of flexion and angulation deformities of the forelimbs. Category 2 was the mildest; these calves had restricted movement or rigidity of the fetlock only. In category 6, flexion contracture also involved the carpus of calves, while in category 7, the articular surfaces of the severely flexed carpus were deformed. Deformity of the distal condyles of the radius, observed in reconstructed limbs when the muscle was removed, explained the medial deviation of the lower limbs ( fig. 1 ).
A range of severity was also noted in the seven calves in which the forelimbs were in an extended position (categories 4, 5 , 8). The calf in cateogry 4 was unable to voluntarily flex its forelimbs which were held passively in extension. In category 5, the lower limb had become rotated and deviated medially due to the deformity of articular surfaces of the carpal bones. The calf in category 8 was the most severely deformed with all joints, including the shoulder, completely rigid in an extended position.
Complete rigidity of the forelimb fetlock in 20 calves (categories 2b, 6b, 7, 8) is equivalent to clubfoot in infants. In the other calves (except categories 1,3), joint movement in the fetlock and, sometimes, the carpus, was restricted but not completely fixed (categories 2a, 4, 5 , 6a). A characteristic feature of all calves studied was the hyperextension of the metatarsophalangeal joints of the hindlimbs. In addition, these joints were usually lax and freely movable. The hind legs of many calves were stretched out behind, in a passive position (as in the 20 calves in group A); the stifle and hock could be manually flexed with no resistance against movement. Categories C and D are more severe manifestations of a similar pattern of deformity as category A. The tarsus and stifle joints of the calves in category C had restricted movement, were partially flexed, and could not be fully extended; in those of category D, these same joints were fixed in flexion. The four calves in category B had the opposite manifestation of deformity to the calves in categories A, C, and D, in that the hindlimbs were held in extension rather than flexion, with restricted movement of the hock. One of the four calves also had restricted movement of the fetlocks.
The restricted articular movement was relieved when the tendons and, in some cases, the joint capsule, were cut. None of the calves showed ankylosis. The calf in category 8D was the most severely deformed individual calf, with rigidity of all joints in the forelimbs (including the shoulder) and hindlimbs. There was generalized severe reduction in muscle mass. Muscles were pale and replaced by adipose tissue. Most calves had a mild to moderate reduction in muscle mass and the muscles appeared grossly normal. In some, the musculature showed no apparent reduction upon a subjective appraisal.
In one of the five calves in which individual muscles were dissected and weighed, the muscle weight was similar to a control calf. This confirmed the impression at gross examination, that there was no apparent reduction in muscle mass in some affected calves. In another calf, there was mild reduction in muscle weight which was more pronounced in the distal muscles of the forelimb and hindlimb. The other three calves had muscle weights that were approximately one-third to two-thirds of the control calf (tables 11, 111).
The histological findings of skeletal muscle from live affected calves were comparable to the findings of muscle weights, although they were not always conducted on the same calves. Mild to marked hypotrophy with many small fibers scattered among fibers of larger diameter was noted in the skeletal muscles of hind-and forelimbs of some calves. The hypotrophy was more pronounced in distal muscles, with occasional vacuolated degenerating fiber^.'^ However, in some calves no reduction in myofiber diameter was detected.
Seven of the 30 calves had mild to moderate kyphosis Most severe case (category 8D) in this study. Articular rigidity apparent in all joints of all limbs. Forelegs were fixed in extension, with hyperextension of the metatarsophalangeal joint (fetlock) of hindlimbs. Fore-and hindlimbs affected symmetrically. Marked reduction in muscle mass. Fig. 3 : Representative example of affected calf from this study, category 7C. Forelegs rotated medially below carpus-note rotated hooves (arrow). Carpus and fetlock joints were not fixed. Hind legs in flexion; fetlocks hyperextended. The mean birth weight of 23 deformed calves was 28 kg (standard error 1.15 kg). Statistical analysis of vanance confirmed that affected calves had a significantly lower birth weight (P < 0.01) than that of normal calves (37 kg, standard error 0.5 kg).
No lesions were detected in the spinal cord of eight of the nine live affected calves. One calf had a localized cavitation that destroyed part of the dorsal funiculi in the white matter of the spinal cord at T2-T3. The cavity was visible grossly. Histologically, it was located immediately dorsal to the spinal canal and destroyed approximately one-third of the dorsal funiculus in both halves of the white matter. No abnormality was found in the spinal cord of 15 cases which were obtained from the files at the Western College of Veterinary Medicine, University of Saskatchewan.
All karyotypes were apparently normal 60 XX or 60 YY by chromosomal analysis of preparations from 20 camer cows and the three fetuses. 
Discussion
The negative serological findings for Akabane virus, together with the number of affected progeny produced by planned breeding in the experimental herds are evidence that the calves studied had an inherited congenital neuromuscular disease similar to that described previously as syndrome of arthrogryposis and palatos-
The number of affected progeny sired by the three bulls in the Canadian Charolais experimental herd and the normal karyotypes are consistent with an autosomal recessive mode of inheritance.
The pattern of limb malformation vaned among individual calves as has been documented previously. [23] [24] [25] The classification of each calf by fore-and hindlimb malformation as described in table I is useful &isis. 13.20.2 I , [23] [24] [25] 38 to determine whether fore-and hindlimb deformity is correlated or whether the severity or pattern in foreand hindlimb is independent; to determine whether consistent and characteristic features can be recognized, irrespective of other variables in the deformity of individual calves; and because the deformity in each calf can be fully documented, it can also be appreciated that there is a range of severity among calves. In the forelimb, flexion deformity comprises each of categories 2, 6 and 7, whereas categories 4, 5 and 8 are a spectrum of severity in extension. An important aspect is that for each joint the categories take into consideration the direction of deformity (flexion vs. extension) and also the degree of restricted movement (limited or partially restricted range of movement vs. complete fixation). Previous papers have emphasized the direction of m~v e m e n t *~-~~. 38 and have stated or implied that af- fected joints are invariably rigid (except for fore and hind fetlocks). Our observations indicate that joint movement in many calves is partially restricted (forelimb categories 2a, 6 [carpus] with 6a fetlock, 7 for carpus only; also hindlimb categories B, C).
Classification and recognition of deformity patterns provide a basis to consider the mechanisms (both primary and secondary) that may culminate in congenital deformity in an individual calf. Such an analysis has not been attempted previously in reports that describe the deformity in individual calve^.^^-^^, 38 The classification is not proposed for routine use by pathologists and clinicians although they may find it useful in some circumstances. It is based on the 30 calves from this study and may not be comprehensive for the full range of deformities in syndrome of arthrogryposis and palatoschisis.
The interpretation of our observations on the 30 calves in this study are: only the most severely affected calf, category 8D, had fixation of all joints in both fore-and hindlimbs. In the other calves, fore-and hindlimb deformity was not always correlated in direction or severity. For example, the 20 calves with hindlimb malformation in category A had different forelimb deformity in flexion or extension. Calves in category C had a wide range of forelimb malformation.
Irrespective of the range of gross malformation among calves, the consistent findings were: hyperextension of the fetlock in the hindlimbs in all 30 calves (this manifestation begins by about three months gest a t i~n~~) ; all nine live calves had pronounced muscular hypotonia that resulted in their recumbency; and forelimb deformity was present in 29 calves. We suggest that these findings are manifestations of the primary abnormality. The spectrum of different flexion deformities and restricted joint movement may be caused by factors that occur during fetal development, such as the time of onset of the impaired development in relation to integrated differentiation of the nervous system and skeletal muscles, the site and extent of impaired differentiation of the central nervous system, the duration, and severity of reduced muscular activity during fetal growth.
In the pathogenesis of syndrome of arthrogryposis and palatoschisis, as with other congenital neuromuscular disorders characterized by restricted articular movement, inactivity or reduced limb deformity during fetal development may be an important factor. Congenital restricted joint movement and limb deformity were produced experimentally in chicken embryos and rat fetuses by impaired innervation and restriction of limb movements with neuromuscular blocking agents. It has been proposed, therefore, that the limb deformities and restricted movement of joints is the consequence of the immobilization of limbs during the development of motor function.27. 29 The severity of reduced limb movement may be a factor to explain the severity of flexion deformity and degree of restricted joint movement or fixation. Movement of fetuses is also important for the development of the tendon sheaths4 Thus, secondary factors contribute to the degree of deformity and contribute to restriction or fixation of joint movement. Patella hypoplasia is probably also caused by inactivity during fetal movement.
In some calves, the forelimb was in an extended position (categories 4, 5, 8) . One possible explanation is that the primary developmental abnormality has various consequences for the direction of malformation so that the limb is in either flexion or extension-this depends on the influence of flexor and extensor muscles. We suggest, however, that a more likely mecha-nism is that, in some calves, because of impaired movement, the limb is retained in extension within the confines of the uterus. Thus, the passive restraint of the uterus overrides the direct effects of impaired neuromuscular development which would have resulted in flexion deformity. If the latter explanation is true, then some of the forelimb categories in flexion and extension may correspond in severity. For example, categories 5 and 7, both of which had angular deformity of the carpus, may be equivalent manifestations. This could mean that 27 of the 30 calves (categories 2, 5 , 6, 7, 8) may represent a spectrum of severity of deformity and restricted joint movement. In the three remaining calves (categories 1, 3, 4) , the forelimb joints were normal, lax, or held passively with no particular malformation. We have no explanation for the calves in categories 3 and 4.
On gross examination the skeletal muscle of deformed calves in this study (with the exception of the calf in category 8D) had no white streaks or pale areas indicative of fatty replacement as reported previously.'3.23-25-38 By weighing muscles from individual calves it was demonstrated that reduction in muscle weight varied among calves. Some calves had no reduction compared to the normal calf. Histological examination of skeletal muscle showed no fatty replacement in the live calves. In some calves there was mild to moderate hypotrophy of myofibers scattered among myofibers of normal diameter,33 and this has been reported previously in some calves. 23 In other calves there was no apparent reduction in myofiber diameter; this suggested that histological development of skeletal muscle is not remarkably impaired in some calves. The skeletal muscle of calves with syndrome of arthrogryposis and palatoschisis have histochemical diversification of my0fibe1-s.~~ The results of our studies of gross appearance, muscle weight, histologic examination and histochemical differentiation of skeletal muscle suggest the impaired skeletal muscle differentiation is a secondary phenomenon in those calves that are affected. The severity of muscle hypotrophy varies between individual calves and ranges from undetected to marked fatty replacement. Explanations similar to those suggested earlier in this paper on the variable forelimb deformity may also contribute to the variable severity of impaired muscle development. The muscle hypotrophy was more pronounced in distal muscles of the limb than in proximal muscles.
The affected calves in this study had lower birth weights than comparable normal Charolais-cross calves. It has also been reported that some infants with similar deformities are smaller and lighter than normal. I , 43 The lower birth weight of deformed calves may be partly due to the fact that they had not suckled. Gastrointestinal content would be about 10% of body weight in suckled calves.
Our studies support a previous report,13 that spinal dysraphism is not a consistent abnormality. Spinal cord lesions were observed in only one of 24 calves in this study. Other studies reported spinal cord lesions, interpreted as spinal dysraphism in 21 of 40 calves with syndrome of arthrogryposis and p a l a t o s~h i s i s .~~-~~ While we were unable to incriminate spinal dysraphism as the primary defect, we do not exclude the possibility that the lesions d e~c r i b e d~~-*~, 3* may, in some way, be related to the basic neurologic defect. On the other hand, spinal dysraphism may have been a coincidental finding. Furthermore, we did not find abnormalities in the ventral horns or malacia reported p r e v i o~s l y .~~~~~,~~ Spinal dysraphism has been associated with other bovine arthrogryp~sis.~ Many cases of arthrogryposis have been documented in infants without spinal dysraphism.'4.s'.4' Spinal dysraphism in dogs is associated with abnormal gait without restricted articular movement. '6 The gross and histological findings in calves documented here and in other report^,"^"-'^^^^ together with observations of neuromuscular differentiation in fet u s e P are manifestations that may result from an abnormality in central nervous system differentiation. The evidence to support a neuropathic (rather than myopathic) pathogenesis is: the hyperextension of the hind fetlock observed in a 105-day-old fetus was the earliest manifestation-becoming apparent soon after muscles became i n n e r~a t e d~~; ultrastructural alterations in the differentiation of neuromuscular junctions are consistent with impaired maturation"; and alteration in the differentiation of skeletal muscle was not apparent until late in gestation." No morphologic changes were observed such as occur in some known congenital myopathic disorders of in-, some affected calves have no pathological changes in skeletal muscle. The histochemical diversification of myofibers into different fiber typess3 has important implications in the pathogenesis of syndrome of arthrogryposis and palatoschisis because it is evidence that the motor neurons in the ventral gray horns of the spinal cord maintained intrinsic electrical activity despite functional disuse of the limbs. Furthermore, the motor neurons in the spinal cord, as reported herein, were morphologically normal. Thus, it is suggested that the underlying mechanism may involve the integration of neural pathways that impinge on and influence the balanced operation of lower motor neurons. During normal fetal development, there is gradual refinement of motor activity. This accounts for increased preciseness in the organization of the central nervous system and is normally reflected in balanced interplay of muscles for tone and movement.'. 5 . 37 Unbalanced muscle tone could explain the angular deformity of articular surfaces due to uneven stresses on the carpal joint, the consequence of which was the medial rotation of the lower limbs in some calves. Further studies are required to obtain an understanding of the neurological abnormality, and consideration must be given to the neuroanatomic pathways that influence motor development.
The syndrome of arthrogryposis and palatoschisis is a distinct entity in the Charolais breed of cattle. If the term arthrogryposis is applied in the strict definition of joint fixation in flexion, then many of the calves in this study could not be classified as arthrogrypotic. However, the term is often used indiscriminately, as a general title for a variety of limb d e f~r m i t i e s ,~~ thus it is now well entrenched. There may be some merit to employing a general term, such as congenital restricted articular movement, to accommodate variability in the degree of severity and direction of restricted joint movement.4" Syndromes of congenital restricted articular movement with an inherited mode of transmission have been reported in infants.'. x. ''. 3o
Within the spectrum of congenital neuromuscular disease, the pathogenesis of congenital diseases characterized by congenital restricted articular movement and/or muscular hypotonia may involve primarily muscular or neurogenic defects.' The clinical presentation involves the interaction of primary and secondary factors. The primary defect appears to involve the central nervous system in syndrome of arthrogryposis and palatoschisis. Further studies to determine the primary abnormality should take into consideration events during central nervous system differentiation in the first trimester.
